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(57) Abstract 

New polypeptide, called IFN-a76, produced by E. coli transformed with a newly isolated and characterized human 
IFN-ct geneT The polypeptide exhibits interferon activities such as antiviral activity, cell growth regulation, and regulation 
of production of -cell -produced substances. 
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INTERFERON— ALPHA 76 



Description 

Technical Field 

The invention is in the field of biotech- 
5 nology. More particularly it relates to a polypeptide 
having interferon (IFN) activity, DNA that codes for 
the polypeptide, a recombinant vector that includes 
the DNA, a host organism transformed with the recom- 
binant vector that produces the polypeptide, pharma- 
10 ceutical compositions containing the polypeptide, and 
therapeutic methods employing the polypeptide. 

Background Art 

IFNs are proteins with antiviral, immuno- 
modulatory, and antiproliferative activities produced 

15 by mammalian cells in response to a variety of indu- 
cers (see Stewart, W.E., The Interferon System, 
Springer-Verlag, New Yorfc, 1979). The activity of IFN 
is largely species specific (Colby, C, and Morgan, M. 
J. . Ann. Rev. Microbiol . 25 -.333-360 (1971) and thus 

20 only human IFN can be used for human clinical studies. 
Human IFNs are classified into three groups, a, ^, and 
Y, ( Nature , 286 : 110 ". (1980) ) . The* human IFN- oc genes 
compose a multigene family sharing 85%-9S% sequence 
homology (Goeddel, D, V. , ret al. Nature 290:20-27 

25 (1981) Nagata, S. . ' e£ al , J. Interferon Research 

1:333-336 (1981) ) . Several of the IFN— a genes have ; 
been cloned and expressed in E . coli (Nagata, S./.et 
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: al. Nature 284; 316-320 (1980); Goeddel, D. V - , et al, 
Nature 287 s 411-415 ( 19S0.) ; Yelverton , E. , et all 
. Nucleic Acids Research^ , 3s 731-741, (1981); Streuli, 

M . , et al>. Proc Nat Acad Sci (USA) , 78: 2848—2852 . The 
5 resulting polypeptides have been purified and tested 
,.,for biological activities associated with partially 
... purified , native human IFNs and found to possess simi- 
lar activities. Accordingly such polypeptides are 
potentially useful aarti viral, immunomodulatory, or 
10 antiproliferative agents. 

„A principal object of the present invention 
is to provide a polypeptide having interferon activity 
that is produced by an , organism transformed with a 
newly isolated and newly characterized IFN— a gene. 
15 This polypeptide is sometimes referred to herein as 
IFN- a 76.. . t Other ob jects of the invention are directed 
• to. providing *t±te "pomposit-ions and organisms that are 
used to produce this polypeptide and to therapeutic 
compositions and methods that use this polypeptide as 
20 an active ingredient. 

Disclosure of the Invention 

One aspect of the invention is a polypeptide 
"having interferon activity and comprising the amino 
acid sequence: 

CysAspLeuProGln TfarHisSeaieuGly AsnArgArgAlaLeu XleLeuLeuAlaGln 
MetGlyArglleSer HisPheSerCysl/eu LysAspArgHisAsp PheGlyPheProGlu 
GltiGluPheAspGly HisGlnPheGlnLys AlaGlnAlalleSer ValLeuHisGluMet 
. IleGlnGlnThrPlie AsnLeuPheserThr GluAspSerSerAla AlaTrpGluGlnSer 
LeuLeuGluLysPhe SexThxG3.uLeuTyr GlnG InLeuAsnAsp LeuGluAlaCysVal 
IleGlnGiuValGly ValGiuGluThrPro; LeuMetAsnGluAsp SerlleLeuAlaVal 
25 ArgLysTyrPheGln ArglleThrLeuTyr LeuThrGluI.ysI.ys TyrSerProCysAla 
TrpGluValValArg AlaGluIleMetArg Seri.euSerPheSer ThrAsiiLeuGlnI.ys 
ArgLeuArgArgLys Asp - ■ ..'■•> ;v 
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A second aspect of the invention is a DNA 
unit or fragment comprising a nucleotide sequence that 
encodes the above described" polypeptide. 

A third aspect of the invention is a cloning 
5 vehicle or vector that includes the above described 
DNA. 

A fourth aspect of the invention is a ndst 
organism that is transformed with the above described 
cloning vehicle and that produces the above described 

10 polypeptide. 

A fifth aspect of the invention is a process 
for producing the above described polypeptide compri- 
sing cultivating said transformed host organism and 
collecting the polypeptide from the resulting culture. 

15 Another aspect of the invention is a pharma- 

ceutical composition having interferon activity com- 
prising an effective amount of the above described 
polypeptide admixed with a pharmaceutically acceptable 
carrier. • 

20 Still another aspect of the invention is a 

method of providing interferon therapy to a human 
comprising administering a therapeutically effective 
amount of the above described polypeptide to the 
human . 

25 Brief Description of the Drawings 

Figure 1 is a partial restriction map which 
shows the two XhoI I restriction sites that produce a 
* homologous 2«0 base pair DNA fragment from the IFN-od 
and IFN- a 2 structural; genes.' Dafca for this map are 
30 from Streuli, M. , et al Science * 209: 1343-1347 (1980 ) . 
; ; Figure 2 depicts the sequencing strategy 

used to obtain the complete DNA sequence of the 
IFN- a 76 gene coding region. Bacteriophage mp7: a 76-l 
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DNA served" as the template for sequences ? obtained with 
primers A, H and F arid bacteriophage mp7: o76-2 DNA was 
the template for sequences obtained with primers; E and 
G. The crosshatched area of the gene depicts the 
5 region that encodes the 23 amino acid signal polypep- 
tide and the open box depicts the region that encodes 
the mature polypeptide. The scale, in base pairs, is 
numbered with 0- representing the ..ATG start codon of - 
preinterf eron. The arrows indicate the direction and 

10 extent of sequencing with each, primer. 

Figure 3 is the nucleotide sequence of the 1 
structural 1 gene : coding for IPll^o7'6' including some of 
the flanking 5 * - and 3 ' noncoding regions of the 
gene 1 The region coding for preinterf eron and the 

15 mature polypeptide begins with the ATG codon at posi- 
tion 75 and terminates with the TGA codon at posi- 
tion 642. 

Figure 4 is a partial restriction map of the 
coding region of the IFN-ce76 gene. The crossmatching 

20 represents the region that encodes the 23 amino acid 
signal peptide and the open box represents the gene 
coding sequence for the mature polypeptide. The 
scale, in base pairs, is numbered with 0 representing 
the ATG start codon of preinterf eron. 

25 Figure 5 shows the amino acid sequence of 

the 23 amino acid signal polypeptide and the 166 amino 
acid mature IFN-a7 6 ; coded for by the gene depicted in 
Figure 3. The 189 amino- acicl sequence is displayed 
above the corresponding nucleotide sequence. Amino 

30 acid 24, cysteine, is the first amino acid of the 
mature IFN-a76 protein. • 

Figure 6 is the DNA sequence of the E. coli 
trp promoter and the gene of Figure 3 which was 
inserted between the EcoR T and Hindi ! I sites- of the 
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V plasmid pBR322. Th$ amino acid sequence pf Figure 5 
is written above . the corresponding DNA sequence and 
the location of the restriction sites used in the 
construction of the expression plasmid are indicated. 

5 Figure 7 is a diagram of the expression 

plasmid, pGW19. s 

. Modes for Carrying Out the Invention 

, In general terms IFN-a76 was made by identi- 
fying and isolating the IFN-a7§ gene by screening a. 

10 library of human genomic DNA with an appropriate IFN-o 
DNA> probe, : . constructing a vector, containing the 
IFN-a76 gene, transforming microorganisms with the 
vector, cultivating, trans formants that express IFN-a7 6 
and collecting IFN^a76 from the culture. A preferred 

15 embodiment of this procedure is described below. 

.. DNA Probe Preparation .., 

Total cytoplasmic RNA was extracted from 
human lymphoblastoid cells, Namalwa, which had been 
induced for I FN production by pretreatment with 

20 5-bromodepxyurAdine (Tovey, M.G. , et al. Nature 
267:455-457 (1977 ) ) and Newcastle. Disease Virus 
(NDV). The poly (A) (polyadenylic acid) -containing 
messenger RNA • (mRNA) was isolated from total RNA by 
chromatography on ol igo ( dT) -cellulose ( type 3 from 

25 Collaborative Research r Aviv, H. , and Leder, P., Proc 
Natl Acad Sci (USA) , 69; 1408-141? , (1972)) and 
enriched for I FN mRNA by density gradient centrifu- 
gationon 5%-20% sucrose gradients. .Fractions con- 
taining I FN mRNA were identified by .translating the 

30. mRNA by microin jecting aliquots -of each fraction into 
Xenopus oocytes and determining the, IFN activity of 
the products of the .translations , ac^rding. ^ a method 
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described by Colman,.,A, , and. Morser, J., Cell, 17:517- 
526 (1979) . . - ' i .7 : - ' 

The Namalwa qell buman IFN enriched mRNA was 
used to construct complementary DNA (cDNA) clones in 
5 E. coli by the G/C tailing method using the PstI site 
of the cloning vector, pBR32 2 (Bolivar, F. , et al, 
Gene_, 2: 95^113 (1977)). A population of transformants 
: containing, approximately 50,000 individual cDNA clones 

;> , .was grown in one liter of medium overnight and the 

10. total plasmid DNA^was isolated, . 
: , •• . , .The,, sequences , of two IFNr-a clones (IFN-al 

.and IFN-ce2) have been, published (Streuli, M. , et al, 

: w Science, 209 s 1343-1 347 ( 1 980 ) ) . . Examination of the 
DNA sequences of these two clones revealed that the 

15 restriction enzyme XhoI I would excise, a 260 bp frag- 
» ,. ment ; from either .the lFN-al or the IFN-a2 gene (see 
•■< Figure 1):* XhoI I was, prepared in accordance with the 

■ . ; process described by Gingeras, T.R., and Roberts, 
R.J., JMQl Biol , 118sll3 r 122 (1978). 

20 One mg of the purified total plasmid DNA 

preparation was digested with XhoI I and the DNA f rag- 
ments were separated on a preparative 6% polyacryl- 
amide gel, DNA from the , region of the gel correspon- 
ding to 260 bp was . recovered by electroelution and 

25 recloned, by, ligation into the BamH I site of the single 
strand bacteriophage ml3 :mp7. Thirty-six clones were 
picked at random, the single stranded DNA isolated 
therefrom, and the DNA was sequenced. The DNA 
sequences of four of, these clones were homologous to 

30 known IFN-c DNA. sequences. Clone mp7: a -2 60, with a 
DNA sequence identical to IFN-al DNA (Streuli, M. et 
al, Science, 209s 1343-1347 (1980)) was chosen as a 
highly specific hybridization probe for identifying 
additional IFN- a DNA sequences. This clone is 

35 hereinafter referred to as the "260 probe." 
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Screening of Genomic DNA Library r 

In order to isolate other IFN-a gene 
sequences, a 32 P-labelled 260 probe was used to screen 
a library of human genomic DNA by in situ hybridiza- 
5 tion. The human gene bank; prepared by Lawn , 1R . M . , et 
al , Cell, 15:1157-1174 (1978), was generated by 
partial cleavage of fetal human DNA with Hael ll and 
Alul and cloned into bacteriophage X Charon 4A with 
synthetic EcoR I linkers. Approximately 800,000 clones 
10 were screened, of which about 160 hybridized with the 
260 probe. Each of the 160 clones was further charac- 
terized by restriction enzyme mapping and comparison 
with the published restriction maps of 10 chromosomal 
IPN genes (Nagata, S. , et al, J Interferon Research, 
15 1:333-3:36 (1981) ) . One of the clones , hybrid phage 

x4A:o76 containing a 15.5 kb insert, was characterized 
as follows. A DNA preparatidri' Of X4As a76 was cleaved 
with Hindl l I , Bgll I , and EcoR I respectively, the frag- 
ments separated on an agarose gel, transferred to a 
2 0 nitrocel lulose filter ( Southern , E.M. y J Mol Biol, 
98: 503-517 (1977)) and hybridized with 32 P-labelled 
260 probe . Thi s procedure localized the IFN— o76- gene 
to a 2.0 kb EcoR I restriction fragment which was then 
isolated and recloned, in both orientations, by 
25 ligation of the fragment into EcoRI cleaved ml3:mp7. 
The two subclones are designated mp7 : <x76-l and 
mp7: a76-2. The -1 designation indicates that the 
single-stranded bacteriophage contains insert DNA 
complementary to the mRNA (the minus strand) and the 
30 -2 designation indicates that the insert DNA is the 
same sequence as the mRNA (the plus strand).. 
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Sequencing of the IFNr?g76 Gene 

The Sanger dideoxy-technique was used to 
determine the DBA sequence of the IPN-«76 gene. The 
strategy employed is diagrammed in, Figure 2, the DNA 
sequence thus obtained is given in Figure 3, and a 
partial restriction enzyme map of the IFN-a76 gene is 
illustrated in Figure 4. Unlike many genes from 
eukaryotic organi sms , hut anal ogous , to othe r I FN 
chromosomal genes which .have ,. been characterised, the 
DNA s equenqe of this . gene demons trates that it, lacks 
introns . /Homology.; to protein sequence information 
from these known IFN-a. genes made it possible to 
determine the correct translational reading frame and 
thus allowed the entire 166 amino acid sequence of 
IFN- a 76 to be predicted from. the DNA sequence as well 
as a precursor segment, y or signal ..polypeptide, of 23 
amino acids (Figure 5) . 

, .... ' The DNA sequence of the IFN-a76 gene and the 
amino acid sequence predicted therefrom differ sub- 
stantially from the other known IFN-a DNA and IFN-a 
amino acid- sequences. Nagata, S., et al,, 
( J Interferon Research, 1:333-336, (1981)) describe 
isolating two IFN^ a genes , . IFN- a4a and IFNa4b, that 
differ by five nucleotides which ..entails 2 amino acid 
changes in the proteins expressed thereby. The 
sequence of IFN-db is given in European Patent 
Application. No . 81300050.2. The IFN-a76 structural 
gene differs from the I FN- a4b gene by 5 nucleotides 
which entails. 4 amino acid, changes in the corres- 
ponding proteins s a . single nucleotide . change creates 
an amino acid substitution of alanine for threonine at 
amino. acid. number 14 of the mature protein; a double 
nucleotide change creates,, an, amino acid substitution 
of alanine for glutamine at amino acid number 19 of 
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the mature protein; a single nucleotide change creates 
an amino acid substitution Vbf 'alanine ; for threonine at 
amino acid number 51 of the mature protein; and, a 
single nucleotide change creates an amino acid change 
5 of giutamate for valine at amino acid number 114 of 
the mature protein. • 

Plasmid Preparation and Host. Trans formation 

Assembly of the piasmid- for direct expres- 
10 sibn of the IFN-a76 gerie involved replacing ffthe DNA 

fragment encbdin# : the 5 23 amino acid signal polypeptide 
of pre interferon with a 12 0 ' bp EcoR I /Sau3 A promoter 
fragment (E.coli trp promoter, operator, and trp 
leader ribosome binding site preceding an ATG initia- 
ls tioii codon) arid using the naturally occurring Hindl ll 
site, 142 bp 3*- of the TGA tr an s lat ibna 1 stop codon* 
to insert the gene into a vector derived from the 
plasmid pBR322. The complete DNA sequence of the 
promoter and gene fragments inserted between the EcoR I 
20 and Hindi 1 1 sites of pBR322 is shown in Figure, € which 
also shows the exact location of relevant cloning 
sites. Details of the construction are described 
below. ! 

The coding region for mature IFN-a7€ encom- 
25 passes a Sau3 A site between codons for amino acids 2 
and 3 and ah Aval site between codons for amino acids 
39 and 40. The 111 bp Sau3A to Aval fragment was iso- 
lated on a 6% polyacrylamide gel -following a 
Sau3A/AvaI double-digest of the 2. 0 kb EcoR I genomic 
30 fragment. Similar ly, ; the 528 bp fragment from the 

Aval site between codons for' amino acids 39 and 40 and 
the Hindl l I site 142 nucleotides 3 * - of the trans la- 
tional stop codon was isolated on a 5% : polyacrylamide 
gel . These two fragments , together with a - 120 bp ; 
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EcoR I to Sau_3A E.coli promoter fragment were ligated 
together in a four way directed .ligation into the 
EcoRl to Hindi! I site of pBR322. The promoter. frag- 
1 ment, which contains a synthetic Hindlll restriction 
5 site/ ATG inititation codon, the initial cysteine 
codon (TGT ) common to all known IFN-a s, and Sau3 A 
"sticky end", had been constructed previously. /The 
ligation mixture was used to transform E. coli MM294 
(Backman, K., et al > Proc Natl Acad Sci (USA) 73 t 4174- 

10 4178 ( 1976 ) ) . The desired correct transf ormant , one 
out of 24 screened^ was identified by restriction 
; enzyme mapping of colonies which hybridized to a 32 P- 
labelled IFN-a genomic fragment. -Figure 7 is a dia- 
gram of the final expression plasmid obtained, which 

15 is designated pGW19. Other prokaryotic hosts such as 
bacteria other than E.coli may, of course, be trans- 
formed with this or other suitable constructs to 
replicate the IFN-a76 gene and /or to produce IFU-a76. 

IFN-a 7 6 produced in accordance .with the 

20 invention is believed to be distinct from the corres- 
ponding native protein in several respects. Firstly, 
because the IFN-a 7 6 gene was expressed by bacterial 
hosts that utilize N-formyl-raethionine and/or methio- 
nine to initiate translation, some or all of the bac- 

25 terially produced IFN-a76 molecules are preceded by an 
N-formyl-methionine or methionine group,. Some of the 
N-formyl-meithibhine or methionine groups could be 
removed by natural in vivo bacterial cleavage mecha- 
nisms. This would result in a mixture of molecules, 

30 some of which would include an initial N-formyl- 
methionine or methionine and others that would not. 
All such IFN-a 7 6 molecules , : those containing an 
'■ initial N-formyl-methionine or , methionine, those not 
containing an N-formyl-methionine or methionine and 
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any mixture thereof, are encompassed by the present 
Invention. Secondly, the amino acid residues of. the 
bacterially produced polypeptide are unsubstituted 
whereas the residues of the native protein may be 
5 substituted with sugar groups > ACTA or other moieties. 
Also, native I FN— a extracts consist of mixtures of 
various IFN molecules whereas the bacterially, produced 
' IFN- a 76 is homogeneous; that is, bacterially produced 
IFN-a76 does inot contain • functionally related 
10 polypeptides ,\. Accordingly r the ^invention contemplates 
producing IFN- a 76 ^containing compositions having jL j- 
biological activity that is attributable solely to 
IFN- a 76 and/or said terminal N-formyl-methionine or 
methionine derivatives thereof .. -i , 

15 Cultivation of Transformants .. . r 

Bacteria transformed with the IFN- a 76 gene 
may be cultivated in an appropriate growth medium, 
such as at minimum essential medium, that satisfies the 
nutritional and other requirements needed to permit 

20 the bacteria to grow and produce IFNr a 76. If the 
bacteria are such that the protein is contained in 
their cytoplasm, the IFN- a 76 may be extracted from the 
cells by lysihg the cells such as by sonication and /or 
treatment with a strong .anionic solubilizing, agent 

25 such as sodium dodecyl sulfate. Further purification 
Of the extract may be achieved by affinity chroma- 
tography, electrophoresis; or other protein purifi- 
*' cation techniques. ^ .. ' 

Biological Testing of IFN^ g 76 : • 
30 lFN- a 76-containing cell sonicates were 

tested Ih vitro and found to have the following f 
activities: (1 ) inhibition of .viral replication of 
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vesicular ; stomatitis virus (VSV) and herpes simplex 
... . virus-1 (H5V-1 ) ; . (2) inhibition of tumor cell growth? 
( 3 ) inhibition of colony formation ,by tumor cells in 
: soft agar; (4) activation. of natural killer, (NK) 
5 cells; (5 ) enhancement of .the level of 2 * , 5 ' -oligo- 
.adenylate synthetase (2 5 ".-A) ; and (6 ) enhancement of 
the doublets tranded RNA-dependent protein kinase. The 
sonicates . Mtere active in .inhibiting viral infection in 
. both human and, other, mammalian cells such a^s hamster, 

10 monkey/ mouse,, and rabbit cells. . 

The tests shew ,that '.IFN-c76 exhibits anti- 
viral ..activity against DNA and RNA viruses, cell 
growth, regulating activity, and an ability to regulate 
the. production of intracellular enzymes and other 

15 cell-produced substances- Accordingly, it is expected 
IFN-a76 may be used to treat viral infections with a 
potential :r f or interferon therapy such as chronic 
hepatitis B infection, ocular, local, or systemic 
herpes virus infections, influenza and other respira- 

20 tory tract virus infections, rabies and other viral 
zoonoses, arbovirus infections, and slow virus 
diseases such .as Kuru and sclerosing panencephalitis. 
•It may also be useful for treating viral infections in 
, immunocompromised patients such as herpes zoster and 

25 varicella, cytomegalovirus, Epstein-Barr virus infec- 
tion,, lierpes simplex infections, rubella, and progres- 
sive multifocal leukoencephalopathy. Its cell growth 
regulating activity makes it potentially" useful for 
treating tumors and cancers such as osteogenic sar— 

30 coma, multiple myeloma, Hodgkin's disease, nodular, 
poorly differentiated lymphoma ,. acute lymphocytic 
leukemia , breast care inoma , melanoma , and nasopharyn- 
geal carcinoma. The fact that IFN-a76 increases 
protein kinase and 2 ' , 5 ' -oligoadeny late synthetase 
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indicates it may also increase synthesis of other 
enzymes or cell-produced substances commonly affected 
by IFNs such as histamine, hyaluronic acid; prosta- 
glandin E, tRNA methyiase , and aryl hydrocarbon 
5 hydrolase. Similarly, it may be useful td inhibit 
enzymes commonly inhibited by IFNs such as tyrosine 
amino transferase, glycerol-3-phosphate dehydrogenase 
giutamine synthetase, ornithine decarboxylase, V S- 
adenosyl-i-methionine decarboxylase, and UDP-N- 
10 acetylglucbsamine-dolichoi monophosphate transferase. 
The ability of the IFN-a76 to " stimulaite NK cell 
activity is indicative that it may also possess other 
activities such as the abilities to induce macrophage 
activity arid antibody production and to effect cell 
15 surface alterations such as changes in plasma: membrane 
density or cell surface charge, altered capacity to 
bind substances such as cholera toxin, concanavalin A 
and thyroid-stimulating hormone, and change- in the 
exposure of surface gang lio side si 
20 Pharmaceutical compositions that contain 

IFN-a76 as an active ingredient will normally be for- 
mulated with an appropriate solid or liquid carrier 
depending upon the particular mode of administration 
being used. For 'instance, parenteral formulations are 
25 usually injectable fluids that use pharmaceutical ly 
and physiologically acceptable fluids such as physio- 
logical saline, balanced; salt solutions, or the like 
as a vehicle. Oral formulations, on the other hand, 
may be solid, eg tablet or capsule, or liquid splu- 
30 tions or suspensions. IFN-a76 will usually < be formu- 
lated as a unit dosage form that contains in the range 
of 10 4 to 10 7 international units/ more usually 10 € to 
lb 7 international units, per dose.' 
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IFN-a76 may be administered to humans in 
various manners such as orally, intravenously, intra- 
muscularly, intraperitoneal ly, intr ana sally, intra- 
dermal ly, and subcutaneously. The particular mode of 
f .5 administration and dosage regimen, will, be selected by 
the "attending physician talcing into, account the par- 
ticulars ofr the patient, "the disease and the disease 
state involved. -~ For instance, viral infections are 
usually treated by daily or twice, daily doses over a 
10 few days to a few weeks? whereas tumor or cancer 
treatment involves daily or raultidaily doses over 
months or years. IFN-«76 therapy may be combined with 
], other treatments and may be combined with or used in 
association with other Chemother ape utic or chemo- 
15 preventive agents for providing therapy against viral 
infections , neoplasms , or other conditions against 
which it is effective. For instance, in the case of 
herpes virus keratitis treatment, therapy with IFN has 
been supplemented by thermocautery, debridement and 
20 trifluorothymidine therapy. 

Modifications of the above described modes 
for carrying out the invention, such as, without 
limitation, use of alternative vectors, alternative 
expression control systems in the vector, and alter- 
25 native host microorganisms and other therapeutic or 
related uses of IFN- a 76, that are obvious to those of 
ordinary skill in the biotechnology, pharmaceuticals 
medical and/or related fields aire intended to be 
within the scope of the following claims. 
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Claims 

1. A polypeptide having interferon activity 
and comprising the amino acid sequences 

CysAspLeuProGln ThrHisSerLeuGly AsnArgArgAlaLeu IleLeuLeuAlaGln 
MetGlyArglleSer HisPheSerCysI.eu^I.YsAspArgHisAsp PheGlyPheProGlu 
;,. GluGluPheAspGly HisGlnPheGlnLys AlaGinAlalleSer VaJXeuHisGluMet 
IleGlnGlnThrPhe AsnLeuPheSerThr GluAspSerSerAla AlaTrpGluGlnSer 
LeuLeuGluLysPhe SerThrGluI;euTyr GlnGlnLeuAsnAsp LeuGluAlaCysVal 
IleGlnGluValGly ValGluGluThrPro LeuMe tAsnGluAsp SerlleLeuAlaVal 
ArgI»ysTyrPheGln ArglieThrI.euTyr LeuThrGluLysLys TyrSerProCysAla 
TrpGliiValValArg AlaGluIleMetArg SerLeuSerPheSer ThrAsnl.euGlitf.ys 
ArgLeuArgArgLys Asp. 

5 2., , The, polypeptide of claim 1 wherein the 

polypeptide consists essentially of said amino acid 
sequence. . 

3. The. polypeptide of claim 1 or 2 wherein 
the initial cysteine residue of the amino acid 

10 sequence is preceded by an N-formyl-methionine group. 

4. The polypeptide of claim 1 or 2 wherein 
the amino acid residues of said sequence are 
unsubstituted . . 

,5.. IFN-a76. . _ 

15 , 6. A composition haying interferon activity 

and comprising a mixture ofs 

(a.) a polypeptide having the amino acid 

sequence 

CysAspLeuProGln ThrHisSerLeuGly AsnArgArgAlal^eu IleLeuLeuAlaGln 
MetGlyArglleSer HisPheSerCysLeu LysAspArgHisAsp PheGlyPheProGlu 
GluGluPheAspGly HisGlnPheGlnI.ys AlaGinAlalleSer ValLeuHisGluMet 
IleGlnGlnThrPhe AsnLeuPheSerThr GluAspSerSerAla AlaTrpGluGlnSer 
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f LeuLeuGluLysFhe SerThrGluLeuTyr GlnGlnLeuAsnAsp LeuGluAlaCysVal 
IleGlnGluValGly ValGluGiuThfPro LeuMetAsnGluAsp SerlleLeuAlaVal 
ArgLysTyrPheGln Argil eThrLeuTyr LeuThrGluLysLys TyrSerProCysAla 
TrpG luVa lVa lAr g AlaGluIleMetArg SerLeuSerPheSer ThrAsnLeuGlnLys 
ArgLeuArgArgLys Asp 

.and; -' <- ■ . ;- . . . , , . . . . .. 

r , , (b) a polypeptide having said amino acid 
sequence wherein the initial cysteine residue of the 
5> sequence; is preceded .by an N-f ormyl-methionine. or 
methionine group. ■ / 

7. The ; composition of claim 6 wherein. the 
amino acid residues of said sequence are 
unsubstituted. • >• , 

10 8. A composition having interferon activity 

compr i s ing, a , polypeptide haying , the amino acid 
sequence: 

CysAspI^uProGln TnrHisSerLeuGly AsnArgArgAlaLeu IleLeuLeuAlaGln 
MetGlyArglleSer HisPheSerCysLeu LysAspArgHisAsp PheGlyPheProGlu 
GluGluPheAspGly HisGlnPh eGlnLys AlaGlnAlaXleSer ValLeuHisGluMet 
IleGlnGlnThrPhe AsnLeuPheSerThr GluAspSerSerAla AlaTrpGluGlnSer 
LeuLeuGluLysPhe SerThrGluLeuTyr GlnGlnLeuAsnAsp LeuGluAlaCysVal 
lieGlnGluValGly ValGluGluThrPro LeuMetAsnGluAsp SerlleLeuAlaVal 
ArgLysTyrPheGln * Ar glleThrLeuTyr . LeuThrGluLysLys TyrSerProCysAla 
TrpGluValValArg AlaGluIleMetArg SerLeuSerPheSer ThrAsnLeuGlnLys 
ArgLeuArgArgLys Asp 

or a mixture of said polypeptide and a polypeptide 
15 having said sequence wherein the initial cysteine 
residue is preceded by an N-f ormyl-methionine or 
methionine group wherein the inter feroh activity of 
the composition is attributable to said polypeptide or 
to said mixture. 



20 9. A DNA unit consisting of a 'nucleotide 

sequence that encodes the polypeptide of claim 1 or 5. 
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10. / The . DNA unit cif claim 9 wherein the 
■■- nucleotide sequence is: 

TGT GAT CTG CCT CAG ACC CAC AGC CTG GGT AAT AGG AGG 
GCC TTG ATA CTC CTG GCA CAA ATG GGA AGA ATC TCT CAT 
TTC TCC TGC CTG AAG GAC AGA CAT GAT TTC GGA TTC CCC 
GAG GAG GAG TTT GAT GGC CAC CAG TTC CAG AAG GCT CAA 
GCC ATC TCT GTC CTC CAT GAG ATG ATC '■* CAG ^ CAG ACC TTC 
AAT CTC TTC AGC ACA GAG GAC TCA TCT GCT GCT TGG GAA 
CAG AGC CTC CTA GAA AAA TTT TCC ACT GAA CTT TAC CAG 
CAA CTG AAT GAC 'CTG GAA GCA TGT GTG ATA CAG GAG GTT 
GGG GTG GAA GAG ACT CCC CTG 'ATG AAT GAG GAC TCC ATC 
CTG GCT GTG AGG AAA TAC TTC CAA AGA ATC ACT CTT TAT 
.CTA ACA GAG AAG AAA TAC AGC CCT TGT GCC TGG GAG GTT 
GTC AGA GCA GAA ATC ATG AGA TCC CTC TCG TTT TCA ACA 
AAC TTG CAA AAA AGA TTA AGG AGG AAG ' GAT i . " 

ll. A cloning vehicle that includes the DNA 
5 unit of claim 9 or 10. : ; 

: 12. The cloning vehicle of claim 1.1 wherein 
the cloning vehicle "is a plasmid. ; 

13. The cloning vehicle of claim 11 wherein 
the cloning vehicle is the plasmid pGW19. 

' • -' :■• .. ; ■: ' - '■ ■ v-v 1 - - yM • -. ; . ■ •. 

10 ,14. A host that is transformed with the 

cloning vehicle of claim _ 11 ^, and [ produces IFN-a76. 

15. The host of claim 13 wherein the host 
is a prokaryote,. 
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16. 1 The host of ciaim 14 wherein the host 
organism is E.coli. 

17. A host that is transformed with the 
cloning vehicle of claim 13 and produces IFN- a 76, 

5 wherein the host is E.coli . 

18. A process for producing IFN-a 7 6 
comprising cultivating the host of claim 14 arid 
collecting IFN- a 76 from the resulting culture - 

19. A process of producing IFiff- a 76 compri- 
10 sing cultivating the host organism of claim 16 and 

collecting IFN- a 76 from the resulting culture. 

20. A process for producing IFN- a 76 compri- 
sing cultivating the host organism of claim 17 and 
collecting IFN- a 76 from the *re suiting culture. 

15 21. A pharmaceutical composition comprising 

an effective amount of the polypeptide of claim 1, 2 
or 5 admixed with a pharmaceutically acceptable 
vehicle or carrier. 

22. A pharmaceutical composition comprising 
20 an effective amount of the composition of claim 6 or 8 

admixed with a pharmaceutically acceptable vehicle or 
carrier. 

23. A method of providing interferon ther- 
apy to a human comprising administering a therapeutic- 

25 ally effective amount of the polypeptide of claim 1, 2 
or 5 to said human. 
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24. A method of providing interferon ther- 
apy to a human comprising administering a therapeutic- 
ally effective amount of the composition of claim 6 or 
8 to said human. 

5 25. The method of claim 2 3 wherein the 

therapy is for treating a viral infection, providing 
cell growth regulation, or regulating the production - 
of a cell-produced substance., . 

26. The method of claim 24 wherein the 
10 therapy is for treating a viral infection, providing 
cell growth regulation, or regulating the production 
of a cell-produced substance. 

.27. A method of providing antiviral therapy 
to a mammal comprising ^administering a viral infection 
15 inhibiting amount of the polypeptide of claim 1; 2 or 
5 to the mammal. 
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IB 20 30 40 50 60 

GTCTTCAGAA AACCTAGAGG CCGAAGTTCA AGGTTATCCA TCTCAAGTAG CCTAGCAATA 
CAGAAGTCTT TTGGATCTCC GGCTTCAAGT TCCAATAGGT AGAGTTCATC GGATCGTTAT 

TTTGCAACAT CCCAATGGCC CTGTCCTTTT CTTTACTGAT GGCCGTGCTG GTCCTCAGCT 

SSonoS oSSrmgn Scaggaaaa gaaatgacta ccggcacgac cacgagtcga 

130 140 150 low x/b 

ACAAATCCAT CTGTTCTCTG GGCTGTGATC TGCCTCAGAC CCACAGCCTC OOTAATAGGA 
TGSTTAGGTA UCMOMM: CCGACACTAG ACGGAGTCTG GGTGTCGGAC CCATTATCCT 

igo 200 ?1J 220 230 

GGGCCTTGAT ACTCCTGGCA CAAATGGGAA GAATCTCTCA TTTCTCCTGC ctgaaggaca 

ccoggmcva tcmgacoqi gtttaccctt cttagagagt aaagaggaog gacttcctgt 

250 260 270 280 290 j»» 

GACATGATTT CGGATTCCCC GAGGAGGAGT TTGATGGCCA CCAGTTCCAG AAGGCTCAAG 
CTGTACTAAA GCCTAAGGGG CTCCTCCTCA AACTACCGGT GGTCAAGGTC TTCCGAGTTC 

31a 320'-"' ,; ' 330 3'40' ; "i"'i 350 JO » 

CCATCTCTGT CCTCCATGAG ATGATCCAGC AGACCTTCAA TCTCTTCAGC ACAGAGGACT 
gqxmmma oSSmeid TACTAGGTCG TCTGGAAGTT AGAGAAGTCG TGTCTCCTGA 

370 380 390 ' 

CATCTGCTGC TTGGGAACAG AGCCTCCTAG AAAAATTTTC CACTGAACTT TACCAGCAAC 
Sagacgacg AACCCTTGTC TCGGAGGATC TTTTTAAAAG GTGACTTGAA ATGGTCGTTG 

439 440 450 460 470 

TGAATGACCT GGAAGCATGT GTGATAGAGG AGGTTGGGGT GGAAGAGACT CCCCTGATGA 
ACTTACTGGA CCTTCGTACA CACTATGTCC TCCAACCCCA CCTTCTCTGA GGGGACTACT 

490 500 510 520 530 3«» 

ATGAGGACTC CATCCTGGCT GTGAGGAAAT ACTTCCAAAG AATCACTCTT TATCTAACAG 
TACTCCTGAG GTAGGACCGA CACTCCTTTA TGAAGGTTTC TTAGTGAGAA ATAGATTGTC 

550 560 570 5®0 o9V ©»" 

AGAAGAAATA CAGCCCTTGT GCCTGGGAGG TTGTCAGAGC AGAAATCATG AGATCCCTCT 
TCTTCTTTAT GTCGGGAaIa CGGACCCTCC AACAGTCTCG TCTTTAGTAC TCTAGGGAGA 

61« 620 630 640 Gov *>w 

CGTTTTCAAC AAACTTGCAA AAAAG ATTAA GGAGG AAGGA TTGAAACCTG GTTCAACATG 

^aIaIg™ grown ttttctaatt CCTCCTTCCT AACTTTGGAC caagttgtac 

670 680 690 700 I Xv m s-v 

6AAATGATCC TGATTGACTA ATACATTATC TCACACTTTC ATGAGTTCTT CCATTTCAAA 
CTTTACTAGG ACTAACTGAT TATGTAATAG AGTGTGAAAG TACTCAAGAA GGTAAAGTTT 

730 740 750 760 770 /»» 

GACTCACTTC TATAACCACC ACGAGTTGAA TCAAAATTTT CAAATGTTTT CAGCAGTGTG 
CTGAGTGAAG ATATTGGTGG TGCTCAACTT AGTTTTAAAA GTTTACAAAA GTCGTCACAC 

790 800 810 820 - 830 840 

AAGAAGCTTG GTGTATACCT GTGCAGGCAC TAGTCCTTTA CAGATCACAA TGCTGATCTC 
TTCTTCGAAC CACATATGGA CACGTCCGTG ATCAGGAAAT GTCTACTGTT ACGACTACAG 

850 860 870 

TCTGTTCATC TATTTATTTA AATATTTATT TATTTT 
AGACAAGTAG ATAAATAAAT TTATAAATAA ATAAAA ............ 
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Met Ala Leu Ser Phe Ser Leu Leu Met Ala Val Leu Val Leu Ser Tyr Lys Ser lie Cys 
ATG GCC CTG TCC TTT TCT »S CTG ATG GCC GTG CTG GTG CTC AGC TAC AAA TCC ATC TGT 

sit Leu Gly Cys Asp Leu Pro Gin Thr Hie Ser Leu Gly Asn Arg Arg Ala Leu lie Leu 
TCT CTG GGC TCT GAT CTG CCT CAG ACC CAC AGC CTG GGT AAT AGG AGG GCC TTG ATA CTC 

Leu Ala Gin Met Gly Arg lie ser His Phe Ser Cys Leu'Lys Asp Arg His Asp Phe Gly. 
CTG GCA CAA ATG GGA AGA ATC TCT CAT TTC TCC TGC CTG AAG GAC AGA CAT GAT TTC GGA 

Phe Pro Glu Glu Glu Phe Asp Gly Hie Gin Phe Gin Lye Ala Gin Ala lie Ser Val Leu 
TTC CCC GAG GAG GAG TTT GAT GGC CAC CAG TTC CAG AAG GCT CAA GCC ATC TCT GTC CTC 

Bis Glu Met lie Gin Gin Thr Phe Asn Leu Phe Ser Thr Glu Asp Ser Ser Ala Ala Trp 
CAT GAG ATG ATC CAG CAG ACC TTC AAT CTC TTC AGC ACA GAG GAC TCA TCT GCT GCT TGG 

Glu Gin Ser Leu Leu Glu Lys Phe Ser Thr Glu Leu Tyr Glh Gin Leu Asa As p Leo 61« 
GAA CAG AGC CTC CTA GAA AAA TTT TCC ACT GAA CTT TAC CAG CAA CTG AAT GAC CTG GAA 

Ala Cys Val He Gin Glu Val Gly Val Glu Glu Tbr Pro Leu Met Asn Glu Asp Ser lie 
GCA TGT GTG ATA CAG GAG GTT GGG GTG GAA GAG ACT CCC CTC ATG AAT GAG GAC TCC ATC 

Leu Ala Val Arg Lys Tyr Phe Gin Arg He Thr Leu Tyr Leu Thr Glu Lys Lys Tyr Ser 
CTG GCT GTG AGG AAA TAC TTC CAA AGA ATC ACT CTT TAT CTA ACA GAG AAG AAA TAC AGC 

III Cys Ala Trp Glu Val Val Arg Ala Glu lie Met Arg Sec Leu Ser Phe Ser Tht Asn 
CCT TGT GCC TGG GAG GTT GTC AGA GCA GAA ATC ATG AGA TCC CTC TCG TTT TCA ACA AAC 

181 

Leu Gin Lys Arg Leu Arg Arg Lys Asp 
TTG CAA AAA AGA TTA AGG AGG AAG GAT 



Figure 5 
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GAA TTC CGA CAT CAT AAC CGT TCT CGC AAA TAT TCT GAA ATG AGC TGT TGA CAA TTA ATC 

seo rz /• . ...,„,•:•.• . r.. t . 

\-' "'' Met Cys 

ATC GAA CTA GTT AAC TAG TAC GCA ACT TCA CGT AAA AAG GGT ATC GAT AAG CTT ATG TGT 

|bs a Sfa si as ss ss s-tes assaas 
la Se 5s&^ ssssss.as^Ja a%js assess 

a a as s; ss s' si ssas ss a a as a a a s si a 

Gin Glu Val Gly Val Glu Glo Tht Pro Leu Met Asn Glu Asp £er lie I;ett AXa Val Axg 
CAG GAG GTT GGG CTG GAA GAG ACT CCC CTG ATG AAT GAG GAC TCC ATC CTG GCT GTC AGG 

tyl Tyr Phe Gin Arg He Thr Leu Tyr Leu Tht Glu Lye Lys Tyr Ser Pro Cys Ala Trp 
AAA TAC TTC CAA AG A ATC ACT CTT TAT CTA ACA GAG AAG AAA TAC ABC CCT xt»j. »v.w 

?ii val val Ara Ala Glu lie Met Arg Ser Leu Ser Phe Ser Thr Ann Leu Gin Lys Arg 
GAG St GTC CAA ATC Sic AG A. TCC CTC TCG TTT TCA ACA AAC TTG CAA AAA AGA 

601 ' • 

TTA AGG AGG AAG GAT T«A AAC CTG GTT CAA CAT GGA AAT GAT CCT GAT TGA CTA ATA CAT 
TAT CTC ACA CTT TCA TGA GTT CTT CCA TTT CAA AGA CTC ACT TCT ATA ACC ACC ACQ ACT 
TGA ATC AAA ATT TTC AAA TGT TTT CAG CAG TGT GAA GAAJ|SLi 



Figure 6 
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IFN-d76 Expression Plasmid 
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SKSSS ^Sil SSSSS SSSgg S»g '3»g 

jsssst =1 ssssss sessss ssssg 

HCAAATCCAT CTGTTCTCTS GGCTGTGA9C WCCTCMAC CCACACCMC OOTJATMS* 
MHB«» SSuWHC CCGACACTAC ACGGAGTCK GGWTCGCAC eCHWOCC 

tffiSS ^ C cS ™m -RIMMM* MWAOGAff CACTTCCTG| 

CACATCRTTT CWATTCCCC aAGGAQGASX tWATGGCCA CCA5TTCCM WJSWTCWlG 
ScSAAA kSSgOOG CTCCTCCTCA AMTACCGGT GGTCAAGQTC TTCCGAGTTC 

eexTCTCTCT cctccatgag atcamowc acaccttcaa tmcwcacc Jcmasoact 
mSaca eaAGCTACic tactaggtcs tckgaag** magaagtcg tgtctcctca 

riff-lYiCTGC WOGGAACAG WJCCWXTAG aaaaattwc cactgaactt taccaocaac 

So A^cS^I «GGA«A|C TWIIAAAAG QTGACTTGAA ATGGTCGTTG 

■KSAATCACCT GSAAeCATGT GTGATACAGG MSGTWGGGT GCAAGACACT CCCfflGATBA 
..JScgggS* c|5SgTaS* CACSAIGTCC MCAACCCCA CeTTC^A^GGGACTACJ 

A«PCAGCAC«C CATCCtGGCT GTGAGGAAA* ACITCCAAAG AATCACTCTT TATCTAACM 
SoCCKM SSeSa CACTCCCTTA TGAAGGTT1C WAGTGAOAA ATAGATTGTC 

MAAGAAATA CAGCCCTTGS CCCTCGGAGG UTGTCAGAGC AGAAATCATG ABAZOXTCT 

^gSgaaca CGGACCCTCC MCA6tCTC| tctttagtac xctagggaga 

CGTTTTCAAC AAACTTGCAA JLAAAGAITAA GGAGGAMGA TTCAAACCTG GTTCAACATC 

otS ttttctaatt cciccmcci aactmgga| caagtxgtac 
phm6wcc tcattgacta atxcattatc tcacactotc atcagttct* ccakftcaaa 

SSKgS a1£aS SaTCTAATAG AGTGTGAAAG TACTCAAGAA GSTAAAGTTT 

riCTCACTM TATAACCACC ACCAG3TGAA TCAAAATTTT CAAATGTTTT. CAGCfcOTCTG 
SSaIS SSJSEoG iGCTCAACTT AGTTTTAAAA GTTTACAAAA GTCSTCACAC 

aAa3amcttS gtgtatacct gtgcaggcac tagtccttta cagatgacaa tcctgatg^tc 

SSSCCAAC CACATATGGA CACGTCOGTG ATCAGGAAAT GTCTACTGTT ACGACT&CAG 

B5B 660 S7fl 

SCTGTTCATC TATTTATXTA AA*A*?XAW TA*TTT 
AGACAACTAC ATAAATAAAT OTATAAATAA ATAAAA 



Figure 3 
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sb s c « «c It! sss ^^^^'kssJKSg ars a « 
:fisssss s ss s sic $ ss is ss a 2ss ss;ss & 

2h. pro 61- cm ol« Phe a. P cly Ji* «ln PJ* A J? in nc oc 
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IFN-d76 Expression Plasmld 
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